Purpose The clinical use of closed-suction drainage, which aims to reduce postoperative wound haematomas and infection, is common. This study was performed to determine whether closed-suction drainage is safe and effective in promoting wound healing and reducing blood loss and other complications compared with no-drainage in total hip arthroplasty. Methods The literature search was based on PubMed, the Cochrane Library, MEDLINE, and EMBASE. The data were evaluated using the generic evaluation tool designed by the Cochrane Bone, Joint and Muscle Trauma Group, and then analysed using RevMan 5.0. Twenty randomised controlled trials involving 3,186 patients were included in our analysis. Results The results of our meta-analysis indicate that closedsuction drainage reduces the requirement for dressing reinforcement, but increases the rate of homologous blood transfusion. No significant difference was observed in the incidence of infection, blood loss, changes in haemoglobin and haematocrit, functional assessment, or other complications when the drainage group was compared with the no-drainage group. Conclusions Our results of the comparison between closedsuction drainage and no drainage in THA have indicated that the routine use of closed-suction drainage for elective total hip arthroplasty may be of more harm than benefit.
Introduction
Open drainage and closed-suction drainage are two of the most common and direct methods to promote drainage of liquid from wounds or cavities in surgical procedures. Compared with the open drainage, closed-suction drainage has more powerful suction from the drainage bottle to enhance the negative pressure. Our meta-analysis is applied purely to the use of closed-suction drainage of surgical wounds in total hip arthroplasty (THA).
Closed-suction drainage has been widely used in many orthopaedic surgical procedures, including THA, based on the theory of effectively decreasing haematoma formation, which is theoretically associated with decreasing postoperative pain and limb swelling, accelerating wound healing, and prevention of infection [1, 2] . However, some authors have advocated that not using drainage would have more benefits in THA [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , because closed drainage leads to blood loss after THA by eliminating the tamponade effect and potentially allows retrograde infection.
To our knowledge, the true effect of closed-suction drainage in THA has not been clearly clarified, with the exception of a mixed meta-analysis that included various surgical procedures before March 2006 [23] . However, no valuable advantages have been observed by using closed-suction drainage. Therefore, we postulated that there is no difference in outcomes of wound infection, wound healing, homologous transfusion, haemoglobin and hematocrit levels, wound haematoma, limb swelling or pain levels between closedsuction drainage of the wound and no drainage after total hip arthroplasty. Consequently, we conducted a metaanalysis of randomised controlled trials (RCTs) comparing the outcomes of closed-suction drainage with no drainage after THA to provide a powerful and rational conclusion regarding the use of drainage after THA.
Materials and methods
We followed the methodological guidelines outlined by the Cochrane Collaboration (Oxford, UK) to conduct this metaanalysis [24] . The findings were reported according to the standard described in the 'Preferred reporting items for systematic reviews and meta-analyses' statement in the review [25] .
Inclusion criteria
This meta-analysis evaluated RCTs in English, comparing closed-suction drainage with no drainage in terms of postoperative efficacy and safety. Studies involving other types of surgery were excluded, including total hip surface replacement, hemiarthroplasty, fracture fixation, and others. Articles were excluded if they did not include a no-drainage control group. Animal and cadaver studies were also excluded. The participants were adults who had undergone THA, regardless of the type or size of prosthesis or bone cement used.
Search strategy
Two of the authors completed the search of electronic databases, including MEDLINE, PubMed, EMBASE, and the Cochrane Library, for trials of closed-suction drainage and THA published before December 2012. Articles not published in English were excluded. During the electronic database search, the following Medical Subject Headings (MeSH) terms were used: 'suction', 'drainage', 'drain', 'hip arthroplasty', 'hip replacement', and 'joint replacement'. All terms were also used in all possible combinations to search the databases. We also searched the reference lists of related reviews and original articles identified for any relevant trials including clinical trials and RCTs involving adult humans.
Data extraction
To select suitable references, two authors independently scanned the titles and abstracts for appropriate articles. First, the EndNote X6 software was used to remove duplicates. When there was uncertainty about any of the above vital information, the full article was retrieved for further scrutiny, or the authors of individual trials were contacted directly to provide further information when necessary. Each RCT received a score of 0 to 24 depending on 'The Cochrane Bone, Joint and Muscle Trauma Group' (Table 1) . Data was extracted from the included studies by two reviewers independently. If there was any disagreement, a consensus was reached through discussion by a review team. If controversy remained, disagreements were resolved by consultation with the senior reviewer, W.L.
Statistical analysis
To perform the meta-analysis, two independent reviewers pooled the data from each study for analysis using the Review Manager software version 5.0 (The Cochrane Collaboration, Oxford, England) and Stata 12.0. Dichotomous data were Table 1 Quality assessment items and possible scores A. Was the assigned treatment adequately concealed prior to allocation? 2=Method did not allow disclosure of assignment 1=Small but possible chance of disclosure of assignment or unclear 0=Quasi-randomised or open list/tables B. Were the outcomes of participants who withdrew described and included in the analysis (intention to treat)? 2=Withdrawals well described and accounted for in analysis 1=Withdrawals described and analysis not possible 0=No mention, inadequate mention, or obvious differences and no adjustment C. Were the outcome assessors blinded to treatment status? 2=Effective action taken to blind assessors 1=Small or moderate chance of unblinding of assessors 0=Not mentioned or not possible D. Were the treatment and control group comparable at entry? 2=Good comparability of groups, or confounding adjusted for in analysis 1=Confounding small; mentioned but not adjusted for 0=Large potential for confounding, or not discussed E. Were the participants blind to assignment status after allocation? 2=Effective action taken to blind participants 1=Small or moderate chance of unblinding of participants 0=Not possible, or not mentioned (unless double-blind), or possible but not done F. Were the treatment providers blind to assignment status? 2=Effective action taken to blind treatment providers 1=Small or moderate chance of unblinding of treatment providers 0=Not possible, or not mentioned (unless double-blind), or possible but not done G. Were care programmes, other than the trial options, identical? 2=Care programmes clearly identical 1=Clear but trivial differences 0=Not mentioned or clear and important differences in care programmes H. Were the inclusion and exclusion criteria clearly defined? 2=Clearly defined, 1=inadequately defined, 0=not defined I. Were the interventions clearly defined? 2=Clearly defined, 1=inadequately defined, 0=not defined J. Were the outcome measures used clearly defined? (by outcome) 2=Clearly defined, 1=inadequately defined, 0=not defined K. Were diagnostic tests used in outcome assessment clinically useful?
(by outcome) 2=Optimal, 1=adequate, 0=not defined, not adequate L. Was the surveillance active, and of clinically appropriate duration?
(by outcome) 2=Optimal, 1=adequate, 0=not defined, not adequate entered as number of events, while continuous data were entered as means and standard deviations (SDs). Before pooling the data, statistical heterogeneity for each study was assessed. The presence of heterogeneity was explored by a chi-squared test with statistical significance set at a p value of 0.1, and I 2 was used to measure the quantity of heterogeneity [26] . The origins of heterogeneity, if present, were analysed according to differences in methodological quality, characteristics of participants, and intervention. Fixed-effects analysis was used to compare trials that did not show heterogeneity, whereas random-effects analysis was used to compare trials that showed heterogeneity. For each study, the odds ratio (OR) and 95 % confidence intervals (CIs) were calculated for dichotomous outcomes, and weighted mean differences (WMD) and 95 % CIs were used for continuous outcomes.
Results
Following the search strategy outlined above, and the inclusion and exclusion criteria, the two independent reviewers located 20 RCTs [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] involving 3,186 patients for our analysis ( Table 2 ). The entire process is shown in Fig. 1 . The included studies were relatively well designed, and the quality assessment score was high in most of them, with a mode of 20, the highest possible score and a range of 12-20, because double-blind studies were impossible. Osteoarthritis was the most frequent diagnosis, followed by rheumatic arthritis. A summary of outcomes of included studies and the meta-analyses are detailed in two tables (Table 3 and Table 4 ) and one figure (Fig. 2) , respectively.
Wound infection and reoperation for wound healing
Wound infection was one of the primary criteria in our metaanalysis. Data were pooled for analysis from 18 studies [3-12, 14-20, 22] and there was no evidence of statistical heterogeneity (I 2 =0 %, P het =0.55). Meanwhile, the overall rate of reoperation, including joint overhaul, debridement or drainage of a haematoma was also pooled for meta-analysis. However, the difference was not statistically significant either in the rate of wound infection (OR, 0.85 [95 % CI, 0.53-1.37]; p=0.51, Fig. 3 Blood loss, transfusion, changes in haemoglobin and hematocrit and thromboembolic complications
The pooled results from two studies [15, 17] demonstrated that the amount of total blood loss per patient was 175.51 ml more in the drainage group compared with the no drainage group ([95 % CI, −46.66 to 397.68 ml]; p=0.12). However, there was no significant difference, likely because of the poor data. And no definitive conclusion regarding the effect on blood loss of closed-suction drainage in THA could be drawn. The number of patients who needed homologous transfusion was reported in seven studies [5, 6, 12, 14, 15, 20, 21] , and the pooled data was significantly less in the no drainage group who needed transfusion compared with the control group (OR, 1.68 [95 % CI, 1.15-2.46]; p=0.007) (Fig. 4) . The amount of transfusion showed no significant differences between the two groups, depending on the data pooled from three studies [12, 15, 17] (WMD, 0.81 [95 % CI, -0.34-1.96 u ]; p=0.17). Postoperative haemoglobin was reported by nine of the individual studies [5-7, 11, 15, 16, 18, 20, 22] , while five studies [8, 14, 18, 20, 22] reported a change in the haematocrit. However, none reported any significant difference, except Gonzalez Della Valle et al. [14] , who reported that patients who received closed-suction drainage had more marked reductions in haematocrit (10.4 vs. 7.4, p=0.03). There were no differences in the frequency Wound haematoma and limb swelling
The outcome of wound haematoma was reported in eight studies [7-9, 12, 14, 16, 17, 20] . However, only two of them [9, 17] showed a significant difference in the reduced number of patients who developed wound haematomas or in the wound haematoma volume in the drainage group compared with the control group; both involved ultrasound examinations. Dora et al. [17] reported a significant difference in the incidence of subfascial haematomas, while Kim et al. [9] reported a significant increase in the large haematomas over ten millimetres in depth. And no definite conclusion could be made that the use of drainage did not significantly reduce the number of patients who developed wound haematomas (OR, 0.42 [95 % CI, 0.16-
1.08]; p=0.07).
More studies are needed to confirm our findings. Data on limb swelling were reported in ten studies [3, 5, 7, 12, 14, 17, [19] [20] [21] [22] . Two studies [19, 20] supported the conclusion that the use of drainage can reduce the incidence of limb swelling or decrease the volume of the swelling. However, based on the data pooled from three studies [5, 6, 22] , no evidence to support the hypothesis that the rate of limb swelling was reduced by using drainage when compared with the placebo group was obtained (OR, 0.43 [95 % CI, 0.11-1.77]; p=0.24).
Reinforcement of the dressing and oozing from the wound
The dressing reinforcement outcome was available in four studies [9, 10, 14, 19] . The OR of dressing reinforcement was reported in three articles [10, 14, 19] . The rate of patients who required reinforcement was significantly lower in the drainage group than in the placebo group (OR, 0.18 [95 % CI, 0.05-0.72]; p=0.01) (Fig. 5) . Four studies [6, 7, 10, 11] reported oozing from the wound. The data of the largest number of subjects included in the studies was pooled for analysis. The rates of oozing from the wound in the drainage and no-drainage groups were 53 of 492 patients and 51 of 483 patients, respectively. The rate of oozing from the wound was not affected by the use of drainage when compared with the placebo group (OR, 1.02 [95 % CI, 0.68-1.53]; p=0.94).
Functional assessment and pain
The outcome of functional assessment was reported in six studies [8-10, 13, 16, 20] . Four of them [9, 13, 16, 20] reported a significant difference between the two groups following the Harris hip score system. Niskanen et al. [10] reported that the no-drainage group had five more degrees of motion than the drainage group, while Crevoisier et al. [8] reported that the arc of motion had increased on average by six degrees in the drainage group and 11 degrees in the no-drainage group at the time of discharge. As a result, no meaningful conclusion could be drawn from the postoperative drainage data. Eight studies [3, 9, 13, 17, 19, 20, 22] reported data on postoperative pain. And two of them [11, 19] reported that more patients experienced mid-thigh pain in the no-drainage group than in the drainage group, while six [3, 9, 13, 17, 20, 22] reported no significant difference. Based on the data pooled from Dora et al. [17] and Kleinert et al. [20] , no significant difference of pain could be found between the groups (WMD, −0.09 [95 % CI, −0.63 to 0.44]; p=0.73).
Discussion
Since the closed-suction drainage system was first reported in the 19th century [27, 28] , it has been used postoperatively for more than 100 years. The original aim of drainage system is to reduce haematoma formation and postoperative oedema, decrease the possibility of infection, and minimise the probability of external contamination of the surgical site. The use of postoperative drainage has been increasingly questioned since the end of the 20th century. A series of RCTs comparing closed-suction drainage and no drainage have been published [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . We extracted these RCTs from the four main medical literature databases to perform a meta-analysis of the efficacy and safety of drainage after hip replacement surgery. One study [13] , which was only a conference abstract, was also included in our study to minimise bias against smaller studies that were not published in full. Most of the studies incorporated in our meta-analysis were small and included <100 patients. The postoperative follow-up duration in most of the studies was less than six months, while some followed up only until discharge. All of these differences may affect results and alter the judgments of clinicians. However, despite the differences in clinical trial methodologies, the results of the studies were generally homogeneous.
Wound infection was one of the first primary outcomes measured in our analysis, and we found no significant difference between the drainage group and the control group. Seventy of 2,618 patients had wound infections, including superficial and deep infections. However, 12 studies reported the use of prophylactic antibiotics, which may have resulted in concealment of the infection outcome as well as loss to follow-up because of the short follow-up time. Incorporation of a limited number in each group means that definitive conclusions cannot be drawn.
A significant advantage for patients managed with no drainage was the reduction of the number of patients who required homologous transfusions. Blood loss was shown to be less in the no-drainage group compared with the drainage group. The data that included the SD, extracted from only two studies, could not represent the true influence of the use of drainage. However, many RCTs, including our study, show the same trend of less total blood loss in the no-drainage group. This may be a consequence of the absence of blood loss into the drain. More blood loss leads to a higher incidence of blood transfusion. Blood transfusion requirements tended to be lower for patients in the no-drainage group. However, a similar conclusion could not be obtained because of the limited number of studies included. Although the volumes of blood loss and homologous blood required were significantly less in patients who were managed with no drainage, these methods failed to show significantly higher levels of postoperative haemoglobin or haematocrit in the pooled data. We attribute this outcome to the influence of transfusion of autologous or allogenic blood.
The only definite advantage for patients managed with drainage was reducing the number of patients who required reinforcement dressings. A substantially greater number of wounds required reinforcement of the dressing in the nodrainage group. This outcome favours the use of drainage because of the reduction in the volume of blood leaking through the wound. Although this may cause some inconvenience and distress to the patient or lead to a requirement for additional nursing care, it may accelerate wound healing. However, no data on the number of days it took for the incision to heal were reported in the studies, including ours.
There were no definite and significant differences or trends in the outcomes of wound haematoma, limb swelling, oozing, reoperation, thromboembolic complications, functional assessment, or pain between the two groups.
The limitations of our study included insufficient sample sizes and data to strengthen the conclusion of our results. Some studies failed to provide sufficient or usable data, which could be pooled for meta-analysis, though we attempted to contact the authors. In addition, the follow-up of patients in some trials was limited. Many patients were followed up only until ten days after surgery or hospital discharge. This may have resulted in underreporting of some results, such as infection, DVT or PE. Furthermore, parameters that could be used to compare closed-suction drainage with no drainage in THA also included length of hospital stay, cost analysis, rehabilitation and acceptability to patients, along with the quantification of some complications, such as wound infection, reinforcement and oozing. However, these factors could not be analysed because of different standards or heterogeneous outcomes in these trials. Moreover, the autotransfusion protocol, allogenic blood transfusion protocol, use of antibiotics, doses or methods of anticoagulation, surgical techniques and treatments for pain probably contributed to the differences observed among studies.
Both our meta-analysis and another study [23] indicate no definite advantage to the use of closed-suction drainage in THA. And this conclusion is consistent with the three years follow-up of a large cohort study performed by Walmsley et al [16] . Two meaningful differences were suggested by our study. The only definite advantage of the use of postoperative drainage demonstrated by our analysis was reduction in the number of patients who require reinforcement of the dressing for incision seepage. However, this is relatively trivial compared with the unique disadvantage of the increased number of patients who require allogenic transfusion. In conclusion, our results of the comparison between closed-suction drainage and no drainage in THA have indicated that the routine use of closed-suction drainage for elective total hip arthroplasty may be of more harm than benefit. However, due to the failure to recognise the importance of adequate reporting of clinical outcomes, more large, blinded and longer follow-up period studies with fully reported results, on this topic are justified in future.
